A study of blood pressure in Papago Indians was undertaken utilizing a computerized health information system. Hypertension was present in close to 20% of the study population. The prevalence of hypertension in the -Papago tended to peak during young adulthood and showed very little increase in older age groups. The rates of cardiac, cardiovascular and renal complications were analyzed for the hypertensive and nonhypeertensive Papago. Hypertension was associated with increased morbidity from target organ damage despite a low rate of arteriosclerosis. This increased morbidity appeared to be independent of the morbidity associated with diabetes which is also common in the Papago Indians.
VERY LITTLE attention has been given to the epidemiology of hypertension in southwestern American Indians, and only a few published studies are available for review. Early work was based on hospital diagnoses and blood pressures. From 1931 From to 1935 the rate of hypertensive admissions on the Navajo Reservation was less than 0.1%.1 A review of all admissions to the Phoenix Indian Medical Center from July 1950 to June 1952 demonstrated a rate of primary hypertension (diastolic 90 mm Hg or above) among adults of less than 1.4%.2 No tribespecific rates were given, but the 11 cases represented seven different tribes. Subsequent studies have reported considerably higher rates of hypertension among the same tribes. During 1957 to 1959 a small group of White Mountain Apaches were screened for hypertension. Blood pressure levels of 160/95 or above were found in close to 25%. A similar screening effort on a small group of Navajo detected a rate of hypertension of 4.7%. 4 Experience working with Papago Indians has suggested a high rate of hypertension. This study was undertaken to determine the prevalence of high blood pressure in the Papago patient population and to examine the relationship between hypertension and target organ disease.
Methods

Population
Approximately 75% of the Papago Indians live in small rural villages on their reservation in south-central Arizona. Most of the remainder live in small communities adjacent to the reservation or in the city of Tucson.
The Papago tribe is a member of the Piman family of tribes, and is racially distinct from other southwestern Indian groups including the Navajo and Apache. Eighty-seven percent of the Papago identify themselves as full-blooded Papago. The median age of the tribe is 21.0 years. The estimated annual per capita income is $700. Among the adults the median highest grade of school completed is 7.2, and the occupational distribution is farming (25.1%), unskilled labor (25.0%), skilled labor (9.5%), clerical and professional (9.4%), and unemployed (31.0%) .5 Health care for the Papago Indians is provided by the federal government through the Indian Health Service which operates a fifty-bed hospital and outpatient clinic at Sells, Arizona, four field clinics and numerous field health programs. Use of the Indian Health Service facilities is voluntary, but because this is the only medical care available on the reservation and because it is accessible, the proportion of the population seen during a given time period is very high.
Data Collection and Analysis
Since July 1969, information from all Indian Health Service outpatient and inpatient encounters in the Sells Service Unit has been entered into the computer-based Health Information System, which contains all diagnoses and blood pressures recorded since the system began operation. Along with updated census data, this information was used to determine the number of individuals in the population and the number who had had their blood pressure recorded. It was also used to calculate the mean systolic and diastolic blood pressures for the population and to measure the prevalence of hy-pertension, diabetes, arteriosclerosis, cerebrovascular disease, congestive heart failure and renal disease.
All individuals who had had their blood pressure taken at least once during the three and one-half year period from July 1969 to December 1972 were included in the study group. Blood pressures were recorded during regular patient encounters and there was no attempt to do mass field screening. Thus, the entire patient population is included rather than a random sample of the population at large. There was no formal standardization of the technique for blood pressure measurement, but recordings were usually made by a nurse with the patient in a sitting position.
Mean systolic and diastolic pressures were calculated for each individual using all blood pressure readings which had been recorded for that person during the study period. The mean pressures for each individual who was alive at the end of the study period were then used to calculate mean pressures for the population subdivided by age and sex.
Hypertension was defined by blood pressure and diagnosis. Individuals who had elevated blood pressures (diastolic 95 or above, or systolic 160 or above) were considered hypertensive if two or more of their routine blood pressure readings were elevated. If an individual had only one recorded blood pressure reading during the three and one-half year study period, and if that reading was elevated, he was included in the hypertensive group. Individuals who had a physicianentered diagnosis of hypertension (ICDA* codes 400 through 404), were included in the hypertensive group even if their blood pressure was controlled within normal ranges for the entire study period. Women with the diagnosis of pre-eclampsia or toxemia were not included in the hypertensive group unless they were hypertensive when not pregnant.
The other disease categories studied were defined by physician diagnosis: diabetes (ICDA 250), arteriosclerosis (ICDA 412, 437, 440), cerebrovascular diseases (ICDA 433 through 438), congestive heart *Diagnostic codes are from the Eighth Revision, Intemational Classification of Diseases, Adapted for use in the United States. failure (ICDA 402, 427.0, 427.1, 429.0), and renal disease (ICDA 403, 580 through 584).
Results
On December 31, 1972 there were 11,411 living Papago Indians with records in the Health Information System. Out of this population, 7,281 were age 15 or older, and of these, 4,440 (61%) had had their blood pressure recorded at least once during the three and one-half year study period. This subset comprised the study population (table 1) .
The mean systolic and diastolic pressures for the Papago are shown in figure 1 and table 2. A total of 876 Papagos ( 19.75% of the study population) were hypertensive by either the blood pressure or diagnostic criteria. There were 808 individuals who had elevated blood pressures, and an additional 68 people who had the diagnosis of hypertension but who had normal blood pressure readings during the study period. Of the 876 hypertensives, 630 (71.9%) had been diagnosed as hypertensive by a physician. Seventy-eight people (8.9%) should be considered as unconfirmed hypertensives because they had only one blood pressure reading during the study period and no confirming diagnosis. The age-sex prevalence is given in figure  2 . The prevalence of diastolic hypertension in the males tends to reach a high point at approximately age 35, and then remains at a relatively constant level. For females, the same pattern is seen, but the high point is not reached until about ten years after the males. In both groups, the systolic pressure continues to rise until age 65.
The diagnosis of diabetes had been made for 16.2% of the study population. Because of the possible relationship between diabetes and hypertension, separate systolic and diastolic pressure curves were calculated for the diabetic and diabetic group as compared with 15.2% in the nondiabetic group (P < .01). The prevalence of diagnosed arteriosclerosis, cerebrovascular disease, congestive heart failure and renal disease is given in table 3. The population has been divided on the basis of diabetes and hypertension in an attempt to separate the similar effects of these diseases. The morbidity experienced by individuals with either diabetes or hypertension was significantly greater than the normals (P <.01). In addition, the morbidity experienced by people who had both diabetes and hypertension was significantly greater than those who had only one of the diseases (P < .01 ).
Discussion
The results suggest that, at the present time, about one-fifth of adult Papago patients have hypertension. This contrasts with a study conducted 22 years ago2 in which only 2 of 91 Piman (Pima/Papago) Indians were found to have hypertension. It is unwise to compare the results of these studies without qualification. In the early work, the population consisted only of inpatients; while in this study, the majority of subjects were outpatients. A variety of other factors such as differences in the study site and changes in hospital staff interest must be considered. However, in spite of these warnings, it is hard to ignore the possibility of a major increase in the prevalence of hypertension over the past two decades.
If there is an epidemic of hypertension among Papago patients, what is the cause? In a study of East Africans, Shaper observed dietary and cultural changes associated with rapidly increased rates of hypertension." Similar changes have gradually evolved on the Papago Reservation during the last 30 years. Prior to World War II, the Papago diet consisted mainly of meat, which was obtained by hunting or cattle raising, and naturally growing or flood-farmed beans and desert plants. Food Program began on the reservation. This added enriched flour to the diet which reduced the level of deficiency seen among the children, but did not otherwise alter the pattern of the diet established during World War II. Perhaps equally significant, the amount of physical labor decreased since it was no longer necessary to work to get food.
Since there were no detailed studies of nutrition or modernization of the Papago prior to the 1950's, it is impossible to do more than speculate about the possible relationship between changes in these factors and the increasing rate of hypertension. However, the similarity between the gradual changes observed here and the rapid change observed in West Africa is intriguing.
The prevalence of hypertenson among specific age groups of the Papago demonstrates an interesting pattern. Diastolic hypertension is widespread Mean age 31.8
Abbreviations: CHF = congestive heart failure; CVD = cerebrovasctilar disease.
Circulation, Volume XLVIII, December 1973 among the young adults, but there is no further increase with age after that point. The cause of this pattern is purely speculative. Differential rates of cultural assimilation, selective migration and selective mortality have all been implicated. The results emphasize the importance of blood pressure screening in young Papago adults.
